Abstract. Magnetic nano-particles are extensively studied in tumor therapy, target drug, gene screen, cell separation and magnetic resonance imaging study, due to theirs unique features such as its superparamagnetism, high saturation magnetization and high effective surface areas, etc. The aim of this work is to emphasize on the preparation and characterization of Fe3O4 magnetic nano-particles and its applications in hyperthermia . As the results, the Fe3O4 magnetic nanoparticle in this work has shown good qualities as well as in the literatures. It may be feasible to utilize in the field of hyperthermia.
Introduction
In recent years, researches of hyperthermia have been widely conducted. One of the focuses is magnetic fluid hyperthermia (MFH), which is to place the magnetic fluid (as a heating source) in alternating magnetic field (AMF) and to increase the temperature of local tumor to 41-46℃ for eliminating tumor cells [1] . In addition, Magnetite(Fe3O4) has some advantages: low toxicity [1] [2] and their magnetization [3] .The chemical coprecipition is one of common methods to prepare the nanoparticles. In this study, the chemical coprecipitation method was employed for magnetic nanoparticles and the formula of SAR(Specific absorption rate) was to evaluate its capability in converting the energy into heat per time and mass [4] [5] .
Materials and methods
Magnetite (Fe3O4 magnetic nano-particles) were prepared by coprecipition of FeCl3˙6H2O and FeCl2˙4H2O by addition of strong alkaline solution. All of the sample's precipitate is isolated from the solution by magnetic decantation without washing with deionized water. The FeCl3˙6H2O were purchased from Sigma-Aldrich; Mallinckrodt; Nihon Shiyaku, FeCl2˙4H2O purchased from J.T.Baker , NH4OH 25 % and NaOH 50% in H2O purchased from Sigma Aldrich. The commercial Iron(II,III)oxide, nanopowder( <50nm) purchased from Sigma-Aldrich. Deionized water (18.2MΩ˙cm ) was bubbled with nitrogen gas and used throughout the experiments.
In this experiment, we adjusted 11 different kinds of parameters, including the pH value( 4;10; 12 etc.) ; different strong alkaline media (NH4OH and NaOH) ; different concentration (1mg/ml; 7 mg/ml; 14 mg/ml; 28 mg/ml; 50 mg/ml etc.) ; temperature ( 30℃, 60℃, 70℃, 80℃, 90℃,100℃ etc.) , different brands of ferric salt (Sigma-Aldrich; Mallinckrodt; Nihon Shiyaku), different ratios of iron salts (Fe2+ : Fe3+ = 1:1; 1:1.5; 1:2; 1:2.5; 1:3; 1:3.5; 1:4 etc.), preparation time ( 0.5hr; 1hr; 1.5h; 2hr; 2.5hr; 3hr etc. ) ; different drying time (T=70℃,12hr and 24hr) and in comparison with Fe2+:Fe3+=1:1~1:4; the samples compared with shaking before irradiation the AMF and after heating with no shaking then irradiation the AMF again; different shaking time and compared with different ratio of iron salts ( Fe2+:Fe3+=1:1.5 and 1:2 ); to measure the samples which shaking every times before irradiation the AMF; the samples irradiation the AMF ( 75kHz ) adjusted the power of electric current ( 125A, 200A, 300A, 400A, 500A, 600A etc.). The powder XRD spectra was used to confirm whether the sample is magnetite or not. Finally, all of the best parameters from samples were in comparison to the commercial magnetic nanoparticles (< 50nm, Sigma Aldrich ). To measure the time-dependent temperature curve with AMF that can determination the SAR value of all samples [4] [5] . The SAR values(W/g) was calculated by the following equation [5] [6] : SAR=(C△T/△t)/mmag , where C is the sample-specific heat capacity , which is calculated as a mass weighted mean value of magnetite and water. For the magnetite magnetic fluids, Cmag=0.937J/gK, and for water Cwat=4.18J/gK. But the heat capacity of magnetite was negligible by its low contents in the samples; therefore we used the heat capacity of water. △T/△t is the initial slope of the time-dependent temperature curve. mmag is the iron content per gram of the Fe3O4 suspension solution.
Results and Discussions
For the sample of different pH values, the SAR of pH=4 is 14.3±3.2 W/g, the SAR of pH=10 is 62.2±9.6 W/g, the SAR of pH=12 is 62.9±7.0W/g. The SAR of pH=10 and 12 both were higher than that of pH=4, and there is no distinct difference between pH=10 and 12 (p=0.4229). In the preparation time, when the temperature reached 90℃ and 100℃, the SAR was higher than other samples under different temperatures, and showed no distinct difference (p=0.4163). Moreover, we also concluded from the study that the SAR in different ratios of magnet. 1:1, 1:1.5, 1:2, are higher than that in others, and there is no distinct difference among the three of them [1:1 and 1:1.5(p=0.3683), 1:1 and 1:2(p=0.4742), 1:1.5 and 1:2(p=0.4269)]. Furthermore, the SAR from the sample of NH4OH was higher than other sample of NaOH, and both of them showed distinct differences ( p=0.001407).
For the sample of different concentrations, the SAR of 1g/ml is 272.1±7.7 W/g, the SAR of 7g/ml is110.6±13.3 W/g, the SAR of 14g/ml is 81.5±16.7 W/g, the SAR of 28g/ml is 62.9±11.2 W/g, the SAR of 50g/ml is 51.4±3.9 W/g. Distinct SARs were found for the different samples. Even though the SAR from the sample of 1g/ml concentration was higher than others, it took more time for it to reach the temperature for hyperthermia. Therefore, we chose to use the sample of 50g/ml concentration, which can reach the temperature for hyperthermia faster, comparatively. For the sample of different preparation temperature, the SAR of 30 ℃ is 22.2±2.4 W/g, the SAR of 60℃ is 37.7±6.7 W/g, the SAR of 70℃ is 45.6±8.3 W/g, the SAR of 80℃ is 51.4±8.7 W/g, the SAR of 90℃is 59.3±6.6 W/g, the SAR of 100℃is 59.9±2.0 W/g. In the preparation temperature, the sampls at 90℃ and 100℃, the SARs were higher than other samples under different temperatures, and showed no significantly distinct difference (p=0.4163>0.05).
In the process of preparation, using the ferric salts from different brands, Mallinckrodt, Nihon Shiyaku, Sigma Aldrich showed no significantly distinct difference (Mallinckrodt:Nihon Shiyaku, p=0.1430；Mallinckrodt: Nihon Shiyaku, p=0.1620；Nihon Shiyaku: Sigma Aldrich, p=0.4029).Magnetite(Fe3O4)have the spinel structure which contains both divalent and trivalent form of Fe(Fe2+:Fe3+) [7] . Our results indicated that the sample has excess of Fe3+ in AMF, the effective of heating is not well(Fe2+:Fe3+=1:2.5~4). The conversion of magnetite(Fe3O4) to maghemite(γ-Fe2O3) and hematite(α-Fe2O3) occurred at higher temperatures over 200 ℃ [7] .Therefore, in our experiments, the magnetic nanoparticles were dried into powder at 70℃ during the drying time.In the drying time, except that Fe2+:Fe3+ was in the ratios of 1:2:5 and 1:3:5 and had its SAR increased after 24hr of drying, other samples no significantly distinct difference.
Our results indicated that the sample has excess of Fe3+ in AMF, the effective of heating is not well(Fe2+:Fe3+=1:2.5~4 ). For the sample of different Fe2+:Fe3+ ratios, the SAR of 1:1 is 62.9± 7.0 W/g, the SAR of 1:1.5 is 66.2±4.6W/g, the SAR of 1:2 is 65.6±8.1W/g, the SAR of 1:2.5 is 51.1±5.8 W/g, the SAR of 1:3 is 49.5±6.0 W/g, the SAR of 1:3.5 is 51.4±4.3 W/g, the SAR of 1:4 is 40.2±8.0 W/g.
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Setting the shaking time to 0.5 min, both the SAR from the samples of 1:1.5 and 1:2 ratios were lower, comparing with other samples which showed no distinct difference. In the drying time, except that Fe2+:Fe3+ was in the ratios of 1:2:5 and 1:3:5 and had its SAR increased after 24hr of drying, other samples no distinct difference. In adjusting the electric current of magnetic fluid, the SAR of the sample increased with the amplification of electric current. In the repeatedly heated samples, except that the SAR of Fe2+:Fe3+ resulted in 1:3~1:3.5 and showed no distinct difference, the SAR of other samples declined drastically. The time-dependent temperature curves and SARs of shaking every time before measurements are measured. As the results, the best parameter for preparation time is 3hr and pH=10, the best preparation temperature is 90 ℃, the best the ratio of Fe2+:Fe3+ are 1:1, 1:1.5, and 1:2 from Sigma Aldrich, the best proportion of concentration is 50g/ml, and the best shaking time was 1min every time before heating. The time-dependent temperature curves and SARs of our results are shown in Fig. 2 
Summary
Hyperthermia is adjuvant treatment for chemical and radiation therapy. Besides, there is no invasion problems that the treatments may increase tumor temperature about 43 ℃ or more by external alternating magnetic field to heat the nanoparticles, and destroy tumor angiogenesis, effectively inhibited its nutritional supply, which achieve the effective treatment to the cancer. The Fe3O4 magnetic nanoparticle in this work has shown good qualities, and may be feasible to utilize in the field of bio-medicine.
